Retrospective chart review was undertaken for 480 patients who underwent a total of 506 valve replacements or repair procedures for infective endocarditis. The influence of preoperative antimicrobial treatment on culture, Gram stain, and histopathological examination findings for resected valve specimens was examined. When valves were removed before the end of treatment, organisms were seen on the Gram stain of ground valve material performed in the microbiology laboratory and on Gram-stained histopathological sections in 231 (81%) of 285 and 140 (67%) of 208 specimens, respectively ( ). Gram-positive cocci were either P p .0007 cultured from or observed in excised valve tissue in 42 (67%) of 63 episodes involving negative preoperative blood cultures. Positive Gram stain results for microbiological specimens should be reintroduced into the definite pathological criteria for infective endocarditis. When deciding on how long to continue antimicrobial therapy after valve replacement for endocarditis, valve culture results should be the only laboratory finding taken into account, because it takes months for dead bacteria to be removed from sterile vegetations.
Most cases of bacterial endocarditis can be cured by antimicrobial treatment alone. When infection causes valve dysfunction, prompt valve replacement is required for optimal outcome [1] [2] [3] . Valve replacement is also indicated when infection has not been controlled by antimicrobial treatment or when recurrent embolization occurs [1] [2] [3] [4] . In these situations, surgery improves outcome, and delays in surgery (e.g., in an attempt to sterilize the valve) are associated with increased morbidity and mortality [1] [2] [3] [5] [6] [7] [8] [9] [10] .
After valve replacement is performed for active bacterial endocarditis, there is no consensus on how long to continue antimicrobial treatment [1] . Although some researchers have given consideration to surgical findings and culture, Gram stain, or histopathological examination findings [3, 4, 7, [10] [11] [12] [13] , others administer treatment for a standard period after valve replacement [5, [14] [15] [16] [17] [18] [19] [20] [21] . No previous study has systematically examined the influence of preoperative antimicrobial treatment on the culture, Gram stain, and histopathological findings for resected valves.
Previous reports have used different pathological criteria to define endocarditis with respect to the Gram staining of resected tissue performed in the microbiology laboratory [22] [23] [24] [25] . We have undertaken a retrospective review of all patients who underwent valve replacement for infective endocarditis and have recorded the results of valve cultures, Gram stains of valve specimens performed in the microbiology laboratory, and histopathological examinations (Gram stains and determination of the presence of acute inflammation). Our first objective was to describe the evolution of these findings while patients received antimicrobial treatment for endocarditis. Our second objective was to compare the findings for the Gram-stained specimens examined in the microbiology laboratory (hereafter referred to as "microbiology Gram stains") with the findings for Gram-stained histopathological sections (hereafter referred to as "histopathology Gram stains") in this series of patients.
PATIENTS AND METHODS
Patient population. Green Lane Hospital (Auckland, New Zealand) has a large cardiothoracic surgical unit serving ∼1 million people, and local hospitals refer 17%-25% of their patients with endocarditis to Green Lane Hospital for surgical treatment [26, 27] . All patients who undergo valve replacement surgery have a known or possible cause for valve dysfunction entered into a computer database. All patients who underwent valve replacement surgery from September 1963 through December 1999 and who had a diagnosis of endocarditis recorded in the database had their charts reviewed. All relevant information was recorded for each patient, including the following data: number of blood culture sets performed, number of positive blood culture sets, organism or organisms isolated, duration of antibiotic treatment before surgery, operation findings, and the results of microbiological (culture and Gram stain findings) and histopathological (Gram stain findings and characteristics of the inflammatory cell infiltrate) examinations for the resected valve.
Valve replacement was considered to have occurred during active endocarditis if the patient had not completed a standard antimicrobial therapy (SAT) regimen. For viridans streptococci, enterococci, and staphylococci, the recommendations of Wilson et al. [28] were used to define SAT. When these recommendations specified 4-6 weeks as the duration of treatment, 4 weeks was regarded as being SAT. For prosthetic valve endocarditis, 6 weeks was regarded as SAT, except for allografts, for which 4 weeks was regarded as SAT. For other organisms on native valves, 4 weeks was regarded as being SAT. Timing of surgery was analyzed according to the proportion of SAT that had been completed at the time of the operation. This approach was taken because a given duration of treatment in days does not convey sufficient meaning. For example, 14 days of penicillin treatment for an episode of penicillin-susceptible viridans streptococcal endocarditis would represent completed treatment for a native valve if penicillin was combined with an appropriate aminoglycoside, but as only one-half of a treatment course if it was given as monotherapy, and as only one-third of the recommended course if endocarditis involved a prosthetic valve. By analyzing treatment as the proportion of SAT completed, the organism, valve type, and treatment regimen could all be taken into consideration [28] .
Days of receipt of parenteral antimicrobial treatment with у1 active antibiotic were counted. Oral agents taken alone were not counted in the duration of treatment. The duration was determined from the start of appropriate treatment, not from when diagnosis of endocarditis was made. Definitions. The modified Duke criteria [24] were used to define cases of endocarditis, with the additional criterion of a positive microbiology Gram stain being included in the definite pathological criteria for endocarditis. Patients who had negative preoperation blood culture results but who underwent valve replacement surgery while receiving antibiotic treatment were considered to have blood culture-negative endocarditis, regardless of the findings of Gram stain, culture, or histopathological examination of samples of the valves removed or resected at the time of surgery. Patients for whom endocarditis was not suspected before the operation (i.e., the patient did not have fever and no blood samples were obtained for culture) but who were discovered at the time of surgery to have infected valves were deemed to have incubating endocarditis.
Acute inflammation in histopathology sections was defined as the presence of polymorphonuclear leukocytes (PMLs) in the inflammatory cell infiltrate. Chronic inflammation was defined as an inflammatory cell infiltrate (e.g., histiocytes and lymphocytes) without PMLs being present.
Laboratory procedures.
Resected valve specimens were sent for Gram staining and culturing in sterile containers without additives. After macroscopic examination, vegetations and material that appeared to be infected were removed and ground in 0.5 mL of trypticase-soy broth with a 15-mL tapered tissue grinder. Gram stains of the ground material were made. Blood and chocolate agar media were inoculated, examined regularly, and discarded after 7 days' incubation. Four liquid media (20 mL each) were inoculated: Sabouraud dextrose broth; biphasic brain-heart infusion broth with a nutrient agar scope, with 4%-10% added CO 2 ; hypertonic blood culture medium containing 10% sucrose; and anaerobic thioglycollate broth. Mechanical valves were placed in anaerobic thioglycollate broth. Inoculated broths were incubated at 35ЊC and inspected daily. Routine subcultures were performed after 7 days onto Columbia agar that contained 5% defibrinated sheep RBCs. Plates were aerobically and anaerobically incubated for 48 h before discarding.
The Gram stain finding for ground valve material was reported without waiting for the findings of culture or histopathological examination. Isolates recovered from surgical specimens were compared with available preoperative blood culture isolates. Obvious plate or broth culture contaminants were ignored and were not taken to indicate a positive culture (e.g., 1 of 4 broths with a coagulase-negative Staphylococcus species that had a susceptibility profile different from that of the blood culture isolate).
For histopathological examination, specimens were placed in glabrata (1), C. parapsilosis (1) . i For clinical criteria, see [24] .
formalin and sent to the histopathology laboratory for routine processing and hematoxylin-eosin and Gram staining. Histopathological findings were reported by the pathologist assigned to the case. No special reporting protocol was in place to provide a standardized report, but when endocarditis is mentioned on the laboratory request form, it is standard practice for the histopathology report to specifically state the presence or absence of organisms and to describe the composition of the inflammatory cell infiltrate. In a limited number of cases in which the histopathology report lacked sufficient detail, one of us would reread the slides. Histopathological findings were recorded as organisms present irrespective of the inflammatory cell infiltrate, acute inflammation without organisms, chronic inflammation without organisms, or other findings (e.g., fibrosis or valve thickening). Blood culture methods. Cultures of blood samples obtained from patients suspected of having endocarditis were incubated for 14 days until mid-1994, when the duration was reduced to our current practice of 10 days' incubation. Manual blood culture methods were in use until mid-1986, when the BACTEC system (Becton Dickinson) was introduced. This was replaced by the BacT/Alert system (Organon Tecknika) in early 1995.
Statistical analysis. Analysis was performed with use of the x 2 test for tables. was considered to be sta-2 ϫ 2 P ! .05 tistically significant.
RESULTS

Patients.
There were 480 patients who underwent 506 operations for treatment of infective endocarditis. Twenty patients underwent 2 valve replacements and 3 patients underwent 3 valve replacements for treatment of endocarditis. Of the 480 patients, men predominated (71%). Only 5 patients were known injection drug users. Aortic valves were the most commonly infected valves, either alone (277 [58%]) or in combination with other valves (27 [8%] ). One hundred ninety-three patients (40%) had undergone previous valve surgery, and 55 (11%) had experienced a previous episode of endocarditis.
Inclusion criteria for endocarditis. A total of 424 (84%) of 506 episodes met our pathological criteria for endocarditis: 153 (30%) had positive valve culture results, 230 (45%) had organisms present in either the microbiology or histopathology Gram stain, and 41 (8%) did not have organisms seen or grown but had acute inflammation in sections obtained for histopathological examination [24] . Of the 82 remaining episodes, 20 and 62 met the Duke clinical criteria for definite and possible endocarditis, respectively [24] .
Etiology of endocarditis. The etiologies of the 506 episodes of endocarditis are shown in table 1. Episodes of blood culture-negative endocarditis that had positive valve culture results figure 1 ). Chronic inflammation (i.e., inflammation without PMLs) made up a small but increasing proportion of the histopathological findings late into and р6 months after completion of SAT (figure 1).
Five (9%) of 53 valves from patients who were still receiving treatment but who had completed SAT were culture positive (table 3) . One additional valve was also culture positive (patient 6; table 3). This patient had completed 4 weeks of combination therapy with ampicillin and netilmicin for Enterococcus faecalis native aortic valve endocarditis. Three weeks later, he received ampicillin prophylaxis for a colonoscopy. At the time of surgery, 12 days after undergoing colonoscopy, an obviously infected (as determined macroscopically), culture-positive aortic valve was removed. Blood culture-negative episodes. There were 63 episodes of suspected endocarditis that involved negative blood cultures. For the 44 episodes in which the number of negative blood culture results was recorded, the median number of blood cultures was 4, and, for 20 episodes, there were у5 negative blood culture results. Twenty-three patients (37%) were receiving or had recently received antibiotic treatment at the time that blood samples were obtained for culture, and 4 (17%) of the 23 had positive valve culture results.
Thirteen (21%) of 63 episodes that involved negative blood culture results had positive valve culture results. The isolates were all gram positive: Staphylococcus aureus ( ), coagun p 1 lase-negative staphylococci ( ), Corynebacterium jeikeium n p 6 ( ), viridans streptococci ( ), and Abiotrophia defecn p 2 n p 3 tiva ( ). Only the latter can be regarded as a fastidious n p 1 organism. A further 31 episodes (49%) had gram-positive cocci Incubating endocarditis.
Ten episodes of endocarditis were discovered at the time of surgery (table 4). All had either obvious or suspicious surgical findings of endocarditis.
Patients with definite endocarditis on the basis of the microbiology Gram stain findings. There were 59 episodes that involved negative valve culture results that had neither organisms seen on the histopathology Gram stain nor acute inflammation noted on histopathological examination, or for which no histopathological examination was performed, but that had organisms seen on the microbiology Gram stain. If the microbiology Gram stain result was ignored, these episodes would have been defined as definite and possible endocarditis in 24 and 26 patients, respectively, on the basis of the Duke clinical criteria [24] . The remaining 9 episodes would have been rejected on the basis of the Duke criteria, but, at the time of surgery, 8 of the patients with episodes, who had been treated for 2-14 days before the operation, were reported by the surgeon to have obviously infected valves (e.g., vegetations, cusp rupture, or perforation). The single patient whose allograft aortic valve did not look obviously infected had received 38 days of treatment for Streptococcus mutans endocarditis before surgery.
Microbiology and histopathology Gram stain findings. A total of 293 episodes had both microbiology and histopathology Gram stains performed. In 153 episodes (52%), organisms were seen on both Gram stains; in 62 (21%), the microbiology Gram stain was positive but the histopathology stain was negative; in 29 (10%), the histopathology Gram stain was positive but the microbiology Gram stain was negative; and in 48 (16%), neither Gram stain was positive. The microbiology Gram stain was more likely to be positive (74% vs. 63%;
). P ! .0001 Microbiology Gram stains were performed for the majority of valves of each valve type (native valves, 82%; allografts, 73%; bioprosthetic valves, 84%; and mechanical valves, 94%). Histopathological examination was performed for most native valves and allografts, but it was seldom performed for episodes of prosthetic valve endocarditis (native valves, 91%; allografts, 84%; bioprosthetic valves, 39%; and mechanical valves, 15%). 
DISCUSSION
The first objective in this study was to report the evolution of culture and Gram stain findings during treatment for infective endocarditis. In this series, organisms were seen in most episodes that involved operation during antimicrobial treatment but recovered in an ever-decreasing proportion of patients as treatment progressed. There are few previous data on Gram stain and culture findings for valves resected for endocarditis [20, [29] [30] [31] [32] [33] [34] . Furthermore, when authors do comment on the detection of organisms, it is unclear whether they are referring to the microbiology Gram stain, the histopathology Gram stain, or both. Past reviewers have differed in their interpretation of the disparity between Gram stain and culture results. The opinion of Jung et al. [35] was that this "proves that conversion of blood cultures from positive to negative results does not necessarily mean that the organism was eradicated from the involved valve" (p. 512). Manhas et al. [21] concluded, "This suggests that even when a full course of antibiotic therapy has not been given, the valve was rendered sterile in a number of patients" (p. 745). We agree with Manhas et al. [21] and believe that seeing organisms on Gram stains of ground valve material or by histopathological examination does not mean that viable organisms are present. Culture results should be the index of whether the surgery has been performed in an infected field, because it may take months for dead bacteria in a vegetation to be removed by phagocytosis and/or bacterial cell lysis (table 2) .
The second objective of this study was to report the microbiology Gram stain findings for resected valves. We are unsure why positive microbiology Gram stain results are omitted in the Duke criteria as definitive pathological evidence of endocarditis [23, 24] . It may have been because microbiology Gram stain was thought to be insufficiently sensitive or specific or because the Duke endocarditis database did not have enough microbiology Gram stain findings stored to allow adequate analysis. If the latter were the case, this study removes any data deficit. If it were the former, we have shown that the microbiology Gram stain performs as well, if not better, than the histopathology Gram stain. As for any concern over the specificity of microbiology Gram stain, we believe this to be a theoretical consideration only. Microbiology technologists are skilled microscopists and regularly examine Gram-stained smears of tissue specimens. In our experience, there is such an abundance of organisms in cases of streptococcal endocarditis that it only takes examination of a few microscopic fields for organisms to be unambiguously identified. Although staphylococci can have variable size and staining characteristics, especially later in a course of antimicrobial therapy, a confident assessment can be made in most instances. So, although the original Duke article stated that "our … pathologic criteria are essentially similar to those used in the definite category of von Reyn, except for some minor improvements in wording" [23, p. 202] , we suggest that the rewording is not an improvement because it dropped a positive microbiology Gram stain result from being considered sufficient for the pathological definition of endocarditis. We agree with the Beth Israel and St. Thomas pathological definitions for endocarditis, which include microbiology Gram stain results [22, 25] . We suggest that future modifications of the Duke criteria take our results into account. This is of particular relevance for prosthetic valve endocarditis, for which material for histopathological examination is infrequently available.
We also suggest a change to the wording of the histopathological definition of endocarditis. The currently worded Duke criteria for pathological lesions include "vegetation or intracardiac abscess confirmed by histologic examination showing active endocarditis" [24, p. 636] . We believe this wording is ambiguous because "active endocarditis" has been used previously to describe when surgery has been performed before the end of antibiotic treatment or for when the valve culture result is positive [1, 4, 34] . By "active endocarditis," we believe that the authors meant the presence of acute inflammatory cells (i.e., PMLs) in the inflammatory cell infiltrate of the valve, vegetation, or abscess wall tissue. We suggest that the word "active" be removed and a phrase indicating the presence of acute inflammatory cells in the vegetation or tissue be used to define histopathological findings establishing endocarditis in lesions when bacteria are not seen.
There were 5 instances in which valves were culture positive when the patient was still receiving antibiotic treatment but had completed SAT (table 3). It was rare, however, for commonly encountered organisms (i.e., staphylococci and streptococci) to be recovered from valve cultures after SAT had been completed, a finding that provides support for commonly followed treatment guidelines [28] .
Our results for patients with negative blood cultures are similar to those of Pesanti and Smith [36] in their series of 52 cases of endocarditis with negative blood culture results. In their series, 25 patients had valvular tissue specimens obtained for culture and Gram stain for organisms; 9 (36%) had organisms both seen and grown, and a further 6 (24%) had organisms seen but not cultured [36] . Overall, 10 patients (40%) had culture or Gram stain evidence of gram-positive cocci. We saw or grew gram-positive cocci for 42 (67%) of 63 patients who had blood culture-negative endocarditis. In a more recent study that described 32 patients with у3 negative blood culture results, the valve culture result was positive for 6 (19%), and, for 5 (83%) of these patients, fastidious organisms (i.e., nutritionally variant streptococci and a Haemophilus species) were recovered [37] . Only one of our isolates, A. defectiva, can be regarded as fastidious. Our results support the notion that initial treatment for blood culture-negative cases can be based on the assumption that the majority of the organisms responsible are the same as those found in cases with positive blood cultures.
To our knowledge, this study is the first to have reported a series of cases of incubating endocarditis. We use this term because we believe that these cases would have eventually become clinically evident. It seems highly improbable that they would have resolved spontaneously. Isolated episodes of incubating endocarditis have been reported previously [4, 22, 38] .
In conclusion, this report provides insight into the evolving culture findings, Gram stain findings, and inflammation status of heart valves before, during, and shortly after completing treatment for infective endocarditis. We suggest that the microbiology Gram stain should be reinstated into the pathological criteria for definite endocarditis. Finally, we do not believe positive Gram stain results for microbiological or histopathological specimens of resected valves necessarily indicate an in-fected surgical field because of the considerable time delay between vegetation sterilization and disappearance of organisms.
